The inducible P-lactamase from Pseudomonas aeruginosa NCTC 8203 and the constitutive P-lactamase from strain 1822 S/H have been isolated and compared. These two enzymes are apparently periplasmic since they are released by freezing and thawing. They resemble each other closely in their molecular weights, amino acid composition, isoelectric points and electrophoretic mobility as well as in their catalytic properties, and they may be identical. Neither enzyme contains a free thiol group.
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Purification of the P-lactamases by chromatography on Sephadex CM-50 followed by chromatography on DEAE-Sephadex was as reported by McPhail & Furth (1973) , but the products eluted from DEAE-Sephadex still contained a substantial amount of inactive protein. Selected fractions of the eluate were chromatographed on a column of DEAE-Sephadex in diethanolamine buffer (pH 8.7,0-05 M) and elution was carried out in a gradient of NaCl in the same buffer. Both /3-lactamases were eluted as a single band, over most of which the enzymic activity closely paralleled the protein activity. The two pooled eluates were dialysed against 5 mM-NH,HCO and freeze-dried without loss of activity.
Tryptic digestion. Samples of p-lactamase (2 mg) in water were kept at 60 "C for 5 min. The resulting suspension of unfolded protein was centrifuged (4000 g, 45 min) and the precipitate resuspended in 1 ml of 1 % (w/v) NH,HCO,, pH 7.95. A sample (5 11) of a 1 % solution of trypsin in 1.2 mM-HC1 was added to the suspension and the mixture shaken at 37 OC. The mixture became clear within about 15 min. After 1 h a further 5 pl of trypsin solution was added and the incubation continued for a further 1 h. The digest was then freeze-dried.
R E S U L T S A N D D I S C U S S I O N
No gross morphological changes were observed in the two strains of P. aeruginosa on liberation of the P-lactamases by freezing and thawing. This would be consistent with the view that both P-lactamases are periplasmic.
Nearly 40 mg of the inducible P-lactamase and up to 70 mg of the constitutive P-lactamase were obtained from 7 1 of culture. The elution curve for the inducible enzyme from the final column of DEAE-Sephadex is shown in Fig. l(b) . The corresponding curve for the constitutive enzyme was similar. The increase in purification over that at the previous stage ( Fig. 1 a) was about 20%.
The specific activities of both P-lactamases were close to 1000 units (mg protein)-', corresponding to catalytic centre activities (molecules cephalosporin C transformed per s per catalytic centre) of about 700 on the assumption that the molecular weight of each enzyme is 42000 (see below). These activities were at least twice that of the preparation of the inducible enzyme obtained by McPhail & Furth (1973) , whose purification procedure did not include the final chromatographic stage described here. The constitutive enzyme yielded orthorhombic crystals (2 mm x 0.1 mm) from aqueous polyethylene glycol.
Both P-lactamase preparations showed a single protein band with P-lactamase activity after electrophoresis of samples (20 pg) in polyacrylarnide gel at pH 9.5 (Fig. 2a) . Both enzymes migrated 1.4 cm towards the cathode under the conditions used and were not distinguishable on the same gel. However, when the amount of P-lactamase applied to the gel was increased 10-fold, both enzymes showed three minor bands with P-lactamase activity, in addition to the main band, that were indistinguishable on the same gel (Fig. 2b) . The minor bands appeared to account for about 10% of the total protein. Both P-lactamase preparations also showed one major band of P-lactamase (isoelectric at pH 8.1) on isoelectric focusing, but in this case up to ten very minor bands with detectable P-lactamase activity were observed, corresponding to proteins with isoelectric points varying from pH 8 to pH 7. Most of these minor bands reappeared when isoelectric focusing was repeated with the protein eluted from the major band and were thus probably due to proteins that were absent from the original preparations.
The molecular weights found here for both P-lactamases were 42 000 by SDS-PAGE and 32000 by gel filtration, in contrast to the findings of McPhail & Furth (1973) who obtained a value of 42000 for the inducible enzyme by both methods. Considerable differences in the molecular weights given by these two procedures have also been obtained with other P-lactamases (Ross, 1975; Richmond & Sykes, 1973; Dale & Smith, 1976) . A value of 42 000 has been used here in subsequent calculations.
The amino acid compositions of the two P-lactamases did not differ significantly and were similar to those reported by McPhail & Furth (1973) Fraction no. disulphide groups with NaBH,. After reduction, about 1.0 mol SH per mol protein was present in preparations at the penultimate stage of purification (Fig. 1 a ) but only 0.3 mol per mol protein at the final stage (Fig. 1 b) . Amino acid analysis after oxidation and hydrolysis of the final products revealed the presence of 0-2-0-3 mol cysteic acid per rnol protein. It is concluded that neither P-lactamase contains a free thiol group and that the cystine content of the preparations (0-1-0.15 mol per mol protein) can be attributed to minor components which may have P-lactamase activity.
No clear evidence for differences in the primary structures of the two enzymes was obtained from peptide maps of tryptic digests, which yielded 32 or 33 distinct spots (Fig. 3 a,  b) . No additional spots were observed in maps of mixtures of the two digests. and (b) inducible enzyme from strain 8203. Samples of tryptic digests of about 2 mg P-lactamase were applied to Whatman no. 1 paper in the area boxed round in the Figures (bottom right) . After chromatography in butan-1 -ol/acetic acid/water/pyridine (30 : 6 : 24 : 20, by vol.), a strip of paper (2.5 cm wide) containing the peptides was cut out and sewn on to fresh paper. Electrophoresis was then carried out in the second direction in pyridine acetate buffer, pH 3.5, at 70 V cm-' for 45 min. Peptides were detected with the cadmium-ninhydrin reagent. Table 1 . Behaviour of substrates or inhibitors with P-lactamases from P. aeruginosa The pH-activity profiles of the two 0-lactamases between pH 6 and pH 10, with cephalosporin C as substrate and at 30 "C, were closely similar in shape and showed maximum activity at pH 8 -5 . Relative rates of hydrolysis of a number of penicillins and cephalosporins are given in Table 1 . The rates for the inducible and constitutive P-lactamase did not differ significantly from each other when both enzymes were tested against the same substrate. Cloxacillin, methicillin and carbenicillin showed high affinities for both enzymes and were powerful competitive inhibitors. Both 5-epi-and 6-epibenzylpenicillin, which were tested only against the inducible P-lactamase, were poor substrates and showed very low affinities for this enzyme, their apparent Ki values being 0.25 m M and 5.0 mM respectively. The affinities of the penicilloates from benzylpenicillin and methicillin for the inducible enzyme were too low to be measured under the conditions used.
Both P-lactamases were rapidly and completely inactivated during their hydrolysis of cephalosporin 87/312 (nitrocefin), but the rate of hydrolysis was too high for an attempt to isolate a covalently linked complex of this substrate with the inactivated enzyme to be feasible. However, cloxacillin has a high affinity for these P-lactamases and a low value for Vmax. Knott-Hunziker et al.
(1 980) have labelled the constitutive P-lactamase described here with [ 3H]cloxacillin and have obtained an acyl enzyme in which an active-site serine residue is acylated.
The constitutive and inducible P-lactamases are closely similar in both their chemical and catalytic properties. The production of the constitutive P-lactamase in high yield is consistent with the suggestion (Flett et al., 1976) that P-lactamase synthesis in the mutant 1822 S/H is fully derepressed.
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